Abstract-Urgent needs in many application elds make research on micromanipulating systems a popular topic. Although many such systems have been presented, few can be used for biological micromanipulations. Developing an automatic micromanipulatingsystem can not only meet the needs of the industrialization and real application, but also facilitate the progress of some theoretical and technological issues. In this paper, a dual-manipulator micromanipulating system with visual servo control, which is specially designed for automatic manipulating biological microscopic objects, is presented. The system con guration and the key techniques related to visual servo control, such as auto-focusing, object-tracking, are introduced as well.
INTRODUCTION
Precisely positioning and manipulating different types of microscopic objects can be widely found in many application elds, such as cell manipulation in bioengineering, micro device assembly in MEMS technology, optical ber alignment in communication technology, and IC manufacturing in microelectronics. Many micromanipulating systems have been developed to accomplish various tasks in different elds, for example, [1 -9] . However, most of them focus on mechanical manipulation such as micro-fabrication and micro-assembly. Little attention is paid to biological manipulation [1 -4] . This mainly results from the fact that the intrinsic characteristics of biological micromanipulation need more operation skills and therefore lead to more dif culties in dealing with them. Furthermore, the study of micromanipulating system for biological applications may facilitate the solution of many theoretical and technological problems that may appear in many other elds.
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In the eld of bioengineering and gene engineering, operators often need to manipulate microscopic objects such as oosperm, embryo, chromosome, etc. At present, such operations are accomplished manually. However, long personnel training period, low surviving rate of specimen, poor reproducibility, and industrialization trend in biotech call for automatic manipulation. An automatic micromanipulation system (AMMS) that can nish such tasks has been developed. By using AMMS the authors have succeeded in accomplishing gene injection.
The remaining part of the paper is organized as follows: In Section 2, the particularities of the biological micromanipulation are summarized and the knowledge relating to gene injection is put forward as the background. The system con guration is described in Section 3. Some key techniques, auto-focusing and tracking algorithms will be described in detail in Section 4. The visual servo control method of the system is introduced in Section 5. The experiment on gene injection is given in Section 6. Finally, a conclusion will be offered in Section 7.
BIOLOGICAL MICROMANIPULATION
In the elds of bioengineering, existing manipulation techniques can be classi ed into two kinds: contact manipulation and non-contact manipulation. Non-contact manipulation can be implemented by either laser-trapping (also known as laser tweezers) or dielectrophoresis. Contact manipulation is referred to as mechanical micromanipulation. Our AMMS is a contact manipulation system.
For objects of larger size, the mechanical micromanipulation is more suitable. Gene injection is a typical micromanipulation task in the biological eld, as shown in Fig. 1 . Just as its name implies, gene injection is to inject genes into an oosperm or a cell. During the operation, the specimen (oosperm) is in the suspension. A micro-tube is operated to suck up and keep the oosperm, so that a micro-injector can inject into the oosperm and deposit genes [10] .
When handling the oosperms by mechanical manipulation, there are some problems one has to face. For example, the oosperms may drift slightly during the oper- Figure 1 . Gene injection.
